Background: Accurate symptom assessment remains challenging in teen popula-
| INTRODUCTION
Accurate symptom assessment remains an ongoing challenge for clinical asthma management. In most healthcare settings, diagnosis of asthma severity and control is largely reliant on self-reported symptom levels. 1 When patients do not report symptoms accurately, clinical assessment is hindered, and providers may not prescribe sufficient controller therapy. Inadequate treatment translates to uncontrolled disease, which is associated with poor health outcomes, decreased quality of life, and negative psychological states (eg depression and anxiety). 2, 3 Teenagers are particularly at risk in this respect, as they often overlook and under-report symptoms and have poorer asthma control than older and younger individuals. 4, 5 Compared to individuals with better asthma management, they are sick more often, less physically active, and experience higher rates of anxiety and depression. 6 Thus, there is a clear need to improve symptom recognition in this population as a means to achieving better outcomes. 7 Most interventions targeting self-monitoring have met with little or indeterminate success, which is often attributed to adolescent cognitive immaturity, forgetfulness, or lack of interest. [8] [9] [10] Yet, it may be that inability to modify teen's self-monitoring practices is partially attributable to insufficient understanding of the root causes of their behaviour. 11 Developing a better understanding of existing symptom patterns and how these are perceived by teens may therefore be a necessary step in addressing this important clinical issue.
Thus, as part of a broader qualitative study (Teens Experiences of Asthma Study), 12, 13 we used voice diaries to prospectively explore asthma symptoms, self-management responses, and emotional perceptions of asthma-related events. Specifically, we asked teens to report on their symptoms using daily voice dairies, as a means to both track symptom patterns and provide insight regarding perceptions of events and responses. The objective of this exploratory study was to (a) qualitatively and quantitatively evaluate selfreported symptom patterns and responses to symptoms and (b) assess whether the emotional valence of narratives (an established marker of affective state and situational emotional response) corresponded with symptom levels. 14 Because lower sentiment scores typically correlate with more negative experiences, 15 it was hypothesized that as asthma symptoms increased sentiment scores would correspondingly decrease.
| Sentiment analysis
cal classification of baseline asthma severity was mild (21.4%), moderate (57.2%), and severe persistent (21.4%). Classification of asthma control based on self-reported symptom levels was 50% wellcontrolled, 21 .4% not-well-controlled, and 28.6% very poorly controlled, based on EPR-3 criteria (eg daytime symptoms, nocturnal wake up, activity limitations, and rescue medication use). 1 By selfperception, half of the teens felt they had good asthma control, four felt it was acceptable, and only three (21.4%) felt their asthma was uncontrolled.
| Diary results
A total of 180 diary entries were recorded by 14 teens. Teens completed an average of 12.9 recordings out of 14 solicited (92.3% completion rate). Most participants (11/14; 78.6%) completed all 14 days.
The two youngest African American teenagers, who did not receive reminder text messages due to lack of cell phone service, completed the fewest (3-5 entries). Some teens (4/14; 28.6%) spontaneously recorded additional days while waiting for the diary to be picked up (range 1-4 extra). On five days, recording was initiated but nothing recorded (ie background noise), leaving 175 entries with substantive data for analysis (97.2%).
Length of individual diary entries ranged from a few seconds to eight minutes (mean: 114 seconds; SD 114 seconds). [prednisone] because I know it's a steroid…but when I was on the prednisone I was safe … I took the Flovent today, but it didn't really help. So I kinda got frustrated… its changed the way I think of everything.
Because now I realize that I need the prednisone more than the Flovent….I can rely on it more [and] I was able to do more things without worrying about having asthma attacks.
| Symptoms
Baseline retrospective assessment of asthma control (EPR- The other day I was having an asthma attack because I was running up and down the street with my friends. So what I did was I went into the kitchen and I grabbed a cup and I drunk, put some water in that, and I drunk some water, and then after it eased down, and then I had sat outside on the porch to get some fresh air.
Today is December 7th. This morning I took my Advair. I took two puffs. After that I ate my breakfast and a few minutes after I ate my breakfast I had a few-I had to like clear my throat continuously but I thought that was just kind of normal for me, cause I usually have to. Um, I have-I had some juice today which kind of gave mereally had was me clearing out my throat but any-other than that, nothing really was wrong, pretty much just I had a normal routine so yeah.
I took my asthma pump, my Advair asthma pump this morning. And my asthma was
So I did pretty well, and (>5) um I took my Advair again tonight um and you know, today during the day.
T: Alright, I have um fell asleep today um today is the 27th of-of um...sorry about that. 27th take two puffs cause I forgot to take it in the morning so I take it at night so my the morning. Here we go. ((Taking puff of Advair)). In between each puffs you like wait for twenty seconds or ten seconds, so all the medicine to get to your uh breathe in all the medicine so all the medicine can get in your body clear out all the or do something work out or work my muscles or anything you gotta use your puffer rescue inhaler. Um my name is [T] and this is my first entry.
T: Hi um, today when I was going on the third floor I would have, my chest is causing the experience is that I need to take my time going up stairs toinstead of trying to rush up them the whole time. I feel that I should start yeah.
T: I woke up with asthma symptoms this morning and I had co-somewhat smoky T: This is Tuesday December 9th symptoms today, I recently um began taking Singulair, starting yesterday night, and T: Turned on recorder, but did not record anything.
the point where I was wheezing or collapsing but I definitely felt uh tightness in symptoms and um it was (hhh) a little annoying to have the symptoms during my game cause I want to do my best but it kind of holds me back from doing what I want. Um I handled it by just stepping back, taking a break and going off the field for a few minutes and um I just thought about how I was feeling and how I felt before and decided when I should go off the field or um, relax on the field. But today Today is January 27th about my symptoms. So today I kinda woke up not feeling great and I realized my chest was really tight and I was coughing a lot so I asked my dad to stay home.
He let me stay home for a little bit, and then I soon felt to get better so when he brought me to school I started to get wheezier so I took my Flovent ahead of time and it was starting to kick in so I was starting to get shaky. But then I also had gym today so I kinda got really nervous but I had my dad write me a pass to get outta gym. And I was kind of, when I got out of gym, my gym teacher asked me with a paper down to the library to do, to get all my points, but it felt like all the kids were staring at me because they thought I was unprepared for gym something else, and I had to go do this before I was able to go to gym so I kinda got a little bit nervous cause I felt like people were staring at me when I was But since I took it ahead of time it started kicking in, along with the prednisone, so I was starting to feel better. But I feel like people could notice that I was- Ok so yesterday-well today is the 22nd because I had a lot going on and, well during the time that I would do it and um I um was good all-all of yesterday so today um I took my Symbicort in the too uh taxing until um I played lacrosse. Uh I was good for like the first half which is about 20 to 25 minutes and um then in the second half I decided to get worse so I did take my -um inhal-um, albuterol before playing and that seemed running too hard or (hhh) what it was but I was having a hard time breathing so I but I did end up coughing as wheezing. Um I just took my Singular and Symbicort issues today. Lacrosse was good besides the symptoms um I-it could be that I was just playing too-uh harder than I normally did I just felt better today so I pushed it harder and I guess over did it and I had symptoms so that was pretty know if the second half it was the inhaler that was making it worse but it just and then we started working out and it was okay at the like 15 minutes and then I uh, played basketball again ((chuckle)) and it got bad again, so I had some water.
And I stopped, and it was good for like a half hour to an hour, and then I went to the sauna and my asthma got bad. ((Pause 5 seconds)) So wait, hold on let me swimming pool and I got some cold water. I went to the swimming pool and it was all good. And then we came home and I took my Advair.
T: Today is December 16th. It is 10:18 pm. Um, Today was a uh, was a pretty normal day I guess. I woke up this morning after the whole allergy medicine I felt much better. I just needed to sleep it off I guess. Um, but through thethroughout the day, it uh, you know, I guess it was alright but during school I bring any with me and uh, the cough got progressively worse, still stuff lodged in my throat. But um, uh, so, I went home, took another Mucinex thing and then I had a uh concert tonight and I play the trumpet which obviously involves lots of breathing and um, during the concert I guess like, I was, I noticed I was coughing more. I like, I was cough-productive coughing, like I was coughing stuff up. And um, and I was sitting there wondering afterwards I was like, was because afterwards I felt much better. I, my, air seemed to be not wheezing and good way to-good way to deal with asthma. I mean, yeah it helped the cough but would it helped the asthma just sitting there doing these big, deep inhales and anything? It seems like it might be a good way to like, train your lungs or T: Ok, today is August 31st morning I woke up-well actually last night I went to bed and um, I opened up my window because I was hot above my bed and um, I woke up this morning and I was completely stuffed up and it was hard to breathe and I was just completely miserable so as soon as I woke up um, I went and I grabbed my inhaler. Then I did my inhaler along with um my allergy medication and um, I felt significantly better.
We did a day trip to Batavia to visit some family friends and um, I was fine all day.
than when I first woke up this morning but um, when I did do my inhaler, it helped right away. I had a little bit of a hard time holding my breath for how, for the, like, twenty seconds that you have to hold it. But um, afterwards I felt significantly better and it definitely worked. So yes.
Day 5
Today is December 11th, uh I woke up with really sore throat and then I have a taking regular mucus relief medicine. I know I sound really bad, like I sound really stuffy yeah so pretty much that um it helped it a little bit but not as much out my mouth too and that-it creates a discomfort for me so um other than that I waking up. This is the best time to use it before so you can live and not interrupt really take it, to be honest, just to like not have shortness of breath, not start coughing, to be able to play around with your brothers and um your mom without entry just to tell you and to fill you about why I do it and why I do it in the morning and you gotta adapt to it. So here we go ((taking his inhaler)) and the second one 
Day 7
Today is December 14th, this morning I woke up and I took a Neb-and I took my
Nebulizer. I had to use two of the little things that kind of medicine that they use for the Nebulizer. Uh I was fine after that for a few hours and then I had to take a mucus relief and a twelve hour decongestion and that also helped for about two hours-two and a half hours and then after that I took another Nebulizer which Second puff ((taking his inhaler)) Like I said I have a little wheeze, so I felt scared so I just took my asthma pump instead of prolonging it. I used a spacer like usual, same routine, I just that I might have forgot to take in the morning so I took it midday. I think the time is 4:30 so I might take it before I go to bed again. Got a little sloppy being well controlled sometimes is hard doing all the other stuff and school and everything, or you forgot your routine, your whole ritual is messed up, definitely you trying to get back on track, get well controlled again. Get back on your same routine, your tradition. So yeah, 7th journal entry done.
without having any trouble breathing except for a few coughs here and there. And I mean, at a regular basis, including today, my asthma has been fairly, fairly well kept
and not really out of sorts.
T: This is [T], this is Tuesday December 16th
have to like take a break from like even mid-sentence and just like clear my throat.
And um I notice now that if I breathe out I can hear wheezing like (breathes out air).
tomorrow. I took Singulair again tonight and I assume that will be enough, this just might be a flair up for whatever reason, but um I will ah I will be aware of it going with my asthma. I um, (pause 3secs) walked home from school today and breathing and stuff or whatever having a hard time breathing in class like get back into the swing of my singing stuff so we will see how my asthma does tomorrow but today was a very good day. Yes.
Day 10
Today is December 17th better than it was before; my cold is. Um I only do one nebulizer in the morning now and I take my regular medication and I the twelve hour pill and I take the allergy pill at night. Uh nothing new really happened other than I had a small cold is much, much better and nothing really bad, nothing really you know, nothing new, same thing so.
Today I did have asthma symptoms. When I woke up this morning, I was, it was hard for me to breathe, I was not wheezing, but it was hard for me to catch my anything ridiculous. I still brought my inhaler just because it was like an eight our class and it was at a pool so, but, the first thing they had us do were these prerequirements and we had to swim three hundred meters, tread water, like no hands not exactly in the best of shape so it was a little hard but um, so after that I went in rd. December 23rd. 9:25 pm. Um, so yesterday, you know, I was talking about the dry skin. And it actually got really bad today. It was, it got progressively and stuff to put on the patches. Um, asthma wise, nothing. No symptoms, nothing, asthma wise, I just want to clarify, nothing happened, um, actually that is also a lie.
I apologize. Um, we did the, the life guard certification was again today. It was another day of it, and we got there, we had to do the pre-requirements again do it again and I did, because, because of I felt the first time yesterday doing it, um, I went into the locker room and took the inhaler before the uh workout. Also as another precaution. Um, and I felt, I felt better. I felt much better after today than I T: Ok, so yesterday was September 7th and I forgot to do an entry. Um, so 
Day 12
Today is December 19th
cause that cold was just crazy. And um other than that, nothing-nothing new really control pretty much on asthma is really good so when it comes to like when I get sick and stuff, I usually get rid of it for like weeks and as you can see through my progress, I got rid of it so yeah other than that nothing really big so no real big which made gym ten times harder for me to be able to breathe and (hhh) tightness of my chest but other than that nothing. Nope. had uh, church service tonight. Cause uh, I was playing my trumpet with my brother and a couple other people from church were doing a brass thing and we were up in the, like the organ loft and it was super hot, so my face got really, like irritated and it, it felt like I had-it was really itchy. Um, I mean, it looked better than it did yesterday. It cleared up, the stuff is working, but the side effects of it make-the normal side effect but it was really bad just because of the heat. But my ear.
Eczema has broken out on my ear and it looks super gross and it like, hurts to we went to the dermatol-dermatologist, but, it-ah, definitely needs-something definitely needs to happen because it looks super gross and it hurts too. But I guess all this eczema stuff, there had been nothing to report on the asthma. The T: Ok, today is September 9th
inhaler this morning, just getting ready for school. Um, I felt good throughout the whole entire day. I was really tired when I got home and um, just now my chest is sleeping, but um yeah, that was my day.
Day 13
Today is December 20th
anymore. I fully recovered from everything like whether that had to do with my cold.
have it as well controlled as I do. So sometimes it could be an obstacle especially if running but other than that, nothing, nothing new so yeah. it before I went to dance. So I wanted to see how well it would actually work, so little bit but it was a workshop today so I was kinda nervous but I kind of was willing to give my Albuterol another chance in the sense like that I could just trust it and I kinda feel like it started working right when I got to dance so it made me feel th, 9:39 PM. This morning I woke up and I felt like I was had cramps so I immediately took the nebulizer instead of just the inhaler because school and then I was good after like 2nd block which was 10:30, after 10:30. I was breathing through a straw and then I took my inhaler and then when I got home it was good. Then I went snowmobiling with my dad and it got kind of bad and then I started moving the snowmobile around and it got a little worse so then I had to take take my Advair.
T: Today is December 25th
Like it looks really gross so, I think tomorrow morning my parents are going to call it was really bad today. Christmas parties, it was hot in the houses, so I had to go out-I went outside a lot. Like I took breaks in the cool, outside, it felt really good.
So the heat does not help, but the cool, cold air definitely does help. Um, again nothing has really changed with the asthma. Asthma is good. Uh, uh, skin is not. So yeah. Merry Christmas! th kind of woke up late this morning and so I did my inhaler, the two puffs, and I felt really good. My sinuses were a little stuffed up but um, once I did like um, the neti pot, and um, it just kind of cleared everything up, I felt a lot better. Like the inhaler helped too, but um, both of them together, I felt really great all day. I was still really tired but um, I had a voice lesson today and when I got there I did a um, really good um that I was going to be-or that I was like incredibly out of breath so yep, that was my day.
Day 14
Today is December 21st Second puff ((taking his inhaler)). Like I said, one day they will find a cure with all controlled and not controlled, is a great idea. I love doing it and I will do it every year, every 3 years they need me to do it, cause I will be the one to help make a cure for this asthma, make it not part of your life anymore. But until then, use these has asthma. He will-will, he plays football. was a problem and she was saying uh there was -it was like consistent from the last time when I did it so um she decided to have us do a chest x-ray and um also a-eventually, we still have to schedule it, but eventually we are doing a um exercise test to see if that shows anything um but the x-ray we just did today so we already done that a few so um she said we should try a chest x-ray, see if that shows anything and then she wants to do um an exercise test so she can see how normal medicine, the usual, but um by the time you come back after picking this up for last interview I could probably talk to you about the x-ray as well cause she My asthma got bad but we were coming in anyways because it was 9:30, and then I th. Friday, 9, 9:12 pm. Um, so today, the-woke up. The ear looked even worse again. So, uh, we called the pediatric offices and we were able to get an appointment in and we saw some doctor and she prescribed a different antibiotic cream for the ear. The stuff I was, the stuff the dermatologist prescribed for the eczema back on, uh, Tuesday or whatever, um, the doctor told us, and, told us this, it was actually-she was very helpful, but uh, the need a different one. This is supposed to, uh, um, work, work really well. She expects it to clear up by the beginning of the next-beginning of next week, so, um, I put it on as soon as I got home and it, it just like crazy. It was awful. Like it was so been too much about asthma, sorry, but, this is I guess the major event of the week pretty sure it is cause on my little sheet you wrote fourteen on the top of that and, this is the last recording, but, yeah. ((laughs)) All fancy I guess. Um, this is T. Symptom misperception was commonly noted in diary entries.
As seen in Table 1 , this fell into two categories: minimizing vs not recognizing. Minimizing was evident when teens stated they had symptoms but indicated it was not important or "not too bad" (11/ 14 teens on 51/121 symptom positive days; 42.1%), whereas not recognizing occurred when teens stated that they had no asthma T11: Today was a pretty quiet, normal day asthma-wise. …I took a nap on our couch with our cat … when I woke up um, my throat was tight … so I went and took a shower … and I also took a puff of my rescue inhaler T11: I mean it wasn't like asthma symptoms …it was just the cough… Asthma is good ((coughs)) T12: On the walk, I didn't get to the point where it was wheezing …it was just like I can feel my chest start to get tight and then I would stop so I didn't let it get horrible or bad at all um I just slowed down … I think today was pretty good.
T12: I didn't have any symptoms and um I didn't get to the point where I think I needed to take it so I didn't take it and I felt good ((coughing)) excuse me.
T13: So today um my asthma wasn't as bad as it usually is… but I'm still kinda short of breath,… I'm still kind of like calming down, like resting a little.
T13: So today um my asthma was really good actually ((coughs)) and I didn't take the Albuterol. It's just now I have a cough … but it's not really my asthma.
T15: I spent the night at my cousin's … I woke up the next morning at 7 o' clock and this is on a weekend, like I don't usually wake up at 7 o' clock. And I had to take their nebulizer …then we went sledding and my asthma is kind of messed up from going up and down those big hills. I took my inhaler on the way home and then when I got home..and after dinner and my asthma was a little bad T14: Today, my asthma was okay. It's just in gym when I was exercising it was getting a little heavier to breathe … Um, it feels like someone is sitting on my um chest and I can't breathe and get a breath in.
In their diaries, teens mentioned both present and prior symptoms and often referred to the same symptoms repetitively within a single entry.
Therefore, symptom frequency was quantified as both the total instances each symptom was mentioned (present, prior, and repeated) and total number of days a given symptom was actively present. While all teens talked generally about having symptoms and trouble breathing (e.g "hard to breathe," "breathing problem"), coughing was mentioned more than twice as often as any other specific symptom (n = 102; 11/14 teens). Other common symptoms, by order of frequency (Table 2) , were throat clearing (n = 64; 8/14 teens) chest tightness (n = 50; 9/14 teens), wheezing (n = 39; 8/14 teens), shortness-of-breath (n = 36; 9/14 teens), tiredness (n = 15; 4/14 teens), and chest pain (n = 11; 4/14 teens). Notably, nearly half of teens (6/14; 42.8%) did not relate coughing to asthma, but attributed it to having a cold (25.6% of symptom days; 17.7% of all days). As one girl explained: were not prescribed controller medications; two were prescribed controller medications but never mentioned them. 
Rescue medication

| Sentiment analysis
Overall, the sentiment (ie the positive/negative emotional tone of the diary entries) of individual teen participants was stable and did not increase or decrease significantly over the 2 weeks of study participation. Average sentiment for all diary entries was near neutral (0.578; SD 0.46), indicating neither strong negative nor positive emotional valence.
All teens reported some level of asthma symptoms, from 1.3 up to 7 days per week. However, sentiment was not significantly correlated with baseline EPR-3 clinical asthma control (β = 0.14, P = 0.28). As hypothesized, teens who reported severe symptoms produced diary entries whose sentiment was significantly more negative than entries of teens who reported no symptoms (Table 3; between teens who reported severe symptoms and those reporting only mild to moderate symptoms. As shown in Table 3 , there were no other significant differences in sentiment by age, gender, race, or sex.
| Discussion
This is the first study to use longitudinal voice diaries to explore patterns of symptoms and self-management responses in teens with asthma. Most teens in our sample perceived themselves as having controlled asthma despite regular and sometimes severe symptoms.
In conjunction with prior research, this suggests that teens may not only misrepresent how often symptoms occur, 22 but also how severe symptoms are. Our data suggest that symptom misperception may be a key factor in under-reporting, 4, 23 with two conceptually distinct underlying reasons: minimizing (ie aware, but believing it not too bad) and not recognizing (either perceptually unaware or not recognizing a symptom as being due to asthma). While teens sometimes failed to recognize symptoms (eg coughing), they more often downplayed the experience. Thus, an important step in changing reporting patterns may be modifying awareness of the range of asthma symptoms and addressing beliefs about the potential importance of these symptoms. 10, 24, 25 In particular, our data highlight the need to screen for coughing and respiratory illness as a possible sign of uncontrolled asthma.
Coughing and throat clearing (a cough variant) were the most commonly overlooked asthma symptoms in this sample. 26, 27 In fact, coughing was mentioned more than classically recognized asthma symptoms (eg tightness and wheezing). We further found that teens identified "being sick" a disproportionately high percentage of days (17%), which has not been previously noted in the literature. These rates of illness are markedly in excess of what would be expected. In general, incidence of the common cold ranges from 5 to 7 episodes per year (mean duration 7 days) in preschool children and decreasing to 2-3 episodes per year at maturity. 28, 29 Thus, a teenager might be expected to experience 3-4 episodes a year, and cold symptoms less than 8% of the time. While it is impossible to determine retrospectively whether the high frequency of cough and cold symptoms was indeed due to asthma, illness, allergic rhinitis or otherwise, the discrepancy between self-reported vs expected rates of illness raises suspicions that excessive reports of coughing/illness might be attributable to asthma, either as a result of symptom misperception or true increased frequency of illness stemming from uncontrolled disease. In either case, increasing the dose of controller medication in response to recurrent illness episodes is likely to promote better asthma control, and further research on illness patterns in this population may be warranted.
It is also worth noting that while all teens in this study had persistent asthma, they reported using controller medication less than half of days and rescue medication less than half of instances where they had symptoms. Due to the unstructured nature of the dairies, it is unclear whether teens were not using medication the remainder of the time, or whether they did not feel it was important enough to mention. Either explanation is concerning, as necessity beliefs and personal priorities are a basis for self-management behaviours. [30] [31] [32] Clinicians may want to consider asking about patterns of medication use and reasons for using or not using medications when attempting to address issues of medication adherence.
We believe this is the first study to examine sentiment in relation to asthma control and symptom severity. In our small sample, narratives about asthma were generally neutral to marginally positive. As expected, there was a highly significant correlation between negative sentiment and severe symptoms; however, this was not the case for mild or moderate symptoms. This is somewhat surprising and raises the question as to whether teens are not bothered by milder symptoms (ie becoming used to symptoms), or whether our sample size was too small to detect more subtle variations in sentiment related to milder symptoms. These exploratory findings should be interpreted with caution, but may point to sentiment analysis as another possible means for evaluating high levels of symptom severity. Given that prior research has shown strong correlation between sentiment scores and anxiety/ depression, 33, 34 as well as transient negative experiences, 35 it may be worthwhile to further explore the relationship between symptom perception, sentiment, and general affective state.
This is also the first study to use voice diaries to capture asthma-related experiences over time. Written symptom diaries and journals have been used for decades as a means of estimating symptom levels for both epidemiologic and instrument validation purposes. [36] [37] [38] [39] Albeit useful in reducing recall bias, paper diary methods are limited by absolute reliance on an individual's ability to recognize and accurately report symptoms. 38 Yet, if teens fail to recognize symptoms, they may not be able to accurately quantifying them using this method. 12, 27, 40 Additionally, paper diaries have traditionally low compliance rates (eg 30%), whereas the 2-week voice diary completion rate in this study was greater than 92%. 41 Other advantages of voice diary technique included ability to capture symptoms the 
| CONCLUSION
Teens appear to have higher symptom frequency than they report and may be unaware of the severity of their asthma. This may be due to failure to recognize or minimizing the importance of symptoms. Careful assessment and education regarding specific symptoms may be necessary. Exploring emotional perceptions of asthma and asking about atypical symptoms such as coughing, respiratory illness, and throat symptoms should be considered during routine assessments to help identify those who may be experiencing physical and psychological burden from asthma.
